SUMMARY Plasma viscosity, photometric erythrocyte aggregation index, and erythrocyte filterability were measured in 194 patients with coronary artery disease. Patients with unstable angina (n = 64) had a higher plasma viscosity and photometric erythrocyte aggregation index than patients with stable angina (95% confidence intervals for the mean difference: 0052-0100 mPa-s for plasma viscosity, and 43%-72% for the photometric erythrocyte aggregation index). Multiple regression with fibrinogen, cholesterol, high density lipoprotein cholesterol, triglycerides, blood pressure, smoking habits, coronary artery score, and left ventricular ejection fraction as independent variables showed a significant partial correlation between fibrinogen and the photometric erythrocyte aggregation index (r2=0 20) and plasma viscosity (r2=0 09), between triglycerides and plasma viscosity (r2=005), and between aortic pressure and erythrocyte filterability (r2= 0O03). Logistic regression for unstable/stable angina with the haemorrheological variables as independent variables correctly identified 72% of the patients with stable angina and 78% of those with unstable angina. Inclusion of all the variables investigated did not substantially improve the discriminative potential of the logistic regression model. Unstable angina is associated with an impairment of blood fluidity that is essentially independent of risk factor profile and angiographic data.
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There is still uncertainty on the implications ofblood fluidity for symptoms and prognosis in ischaemic heart disease. Experimental data indicate that the physical properties of blood are major determinants of blood flow in the capillaries"A and of oxygen transport.5 The severity and extent of myocardial ischaemia produced by a given degree of coronary artery stendsis can be modified by haemorrheological alterations. Various studies have been designed to detect haemorrheological abnormalities in chronic coronary artery disease' and in acute myocardial infarction.'°0 The abnormalities described, however, may be secondary phenomena. In acute myocardial infarction, the haemorrheological abnormalities can be explained by the acute phase response induced by necrosis. ' The possible influence of risk factor profile and angiographic findings on haemorrheological variables was analysed by multiple linear regression. (Smoking habits were coded as 1 for non-smokers, 2 for ex-smokers, and 3 for smokers). The multiple coefficient of determination resulting from least squares estimation of the models is the part of the variability of the respective dependent variable (haemorrheological variable) that is attributable to the independent variables in the model. The contributions of single factors to the model were judged by significance tests of the respective regression coefficients.
The diagnostic value of several sets of variables for stable/unstable angina was analysed by logistic regression, which models the probability p of unstable angina as ln (p/(l -p)) = Z flixi. The xi are the independent predictor variables of the model (including a constant term), and the respective coefficients PBi are estimated from the data by maximum likelihood methods. Predictor variables were eliminated by stepwise variable selection if their influence was negligible in relation to the other variables. We used the estimated models to measure the probability of unstable angina for each individual member of the sample (p Plasma viscosity (p < 0-001) (fig 1 b) , photometric Drug treatment was not standardised in the present study; hence, antianginal treatment was intensified with increasing clinical severity of the disease. In various studies, nitrates,3233 calcium antagonists,34 35 and ,B blocking agents 339 were found to have no effect or even a beneficial effect on blood fluidity. Similarly, aspirin had no effect on erythrocyte deformability and whole blood viscosity.'" Thus the haemorrheological alterations seen in patients with stable and unstable angina cannot be attributed to drug treatment.
Several groups described fibrinogen as an important haemorrheological variable because of its influence on plasma viscosity and, in particular, on erythrocyte aggregation. 6 Furthermore, fibrinogen was identified as a cardiovascular risk factor.4' In the present study fibrinogen was, therefore, treated as a cardiovascular risk factor in the multiple linear regression, in order to assess the interrelated influence of the various risk factors on the haemorrheological variables. Because the relation between unstable angina and raised values for haemorrheological variables might only be caused by increased fibrinogen concentrations, fibrinogen was included in the logistic regression analysis as well as the haemorrheological variables.
PATHOGENETIC IMPLICATIONS
Unstable angina is associated with changes in blood properties affecting not only coagulability42 and platelet function,43 but also blood fluidity, as shown in the present study. Secondary effects caused by changes in risk factor profile, angiographic severity of coronary artery narrowing, or left ventricular function are excluded by the present study.
Never the less, the present study does not resolve the principal question, which is "are the haemorrheological changes associated with unstable angina a cause or an-effect of the disease"? The haemorrheological changes in patients with unstable angina may be partly related to an acute phase response" " 4 caused by ischaemic myocardial injury. Fibrinogen, one of the acute phase reactants,'2 13 is known to enhance plasma viscosity and, in particular, erythrocyte aggregation. 29 In the present study, only 9% of the variability in plasma viscosity and only 20% of the variability in erythrocyte aggregation were attributed to changes in fibrinogen concentration. Furthermore, multiple logistic regression showed that the relation between plasma viscosity and erythrocyte aggregation and 
